Using photoacoustic spectroscopy, state 1-state 2 transitions were demonstrated in vivo in intact sugar maple leaves (Acer saccharum Marsh.) by following the changes in energy storage of photosystems (PS) I and 11. Energy storage measured with 650 nm modulated light (light 2) in the presence of background white light indicated the total energy stored by both photosystems (EST), and in the presence of background far-red light showed the energy stored by PSI (ESPS,) In 02-evolving photosynthetic organisms, electron transfer from water to NADP requires the balanced excitation of PSI and PSII to achieve maximal photochemical efficiency. The distribution of absorbed energy between both photosystems depends on the wavelength of excitation and is initially unbalanced under light limiting conditions (6, 23) inasmuch as the composition of the pigment pools of PSI and PSII differs significantly (5). Plants possess a regulatory mechanism to balance the excitation energy distribution between both photosystems to maximize the quantum yield of photochemistry (see reviews in refs. 4, 14, 25, and 29). This phenomenon of excitation redistribution is referred to as state transition and was first observed in algae by studying fluorescence and photosynthetic 02 evolution (6, 23).
In 02-evolving photosynthetic organisms, electron transfer from water to NADP requires the balanced excitation of PSI and PSII to achieve maximal photochemical efficiency. The distribution of absorbed energy between both photosystems depends on the wavelength of excitation and is initially unbalanced under light limiting conditions (6, 23) inasmuch as the composition of the pigment pools of PSI and PSII differs significantly (5) . Plants possess a regulatory mechanism to balance the excitation energy distribution between both photosystems to maximize the quantum yield of photochemistry (see reviews in refs. 4, 14, 25, and 29) . This phenomenon of excitation redistribution is referred to as state transition and was first observed in algae by studying fluorescence and photosynthetic 02 evolution (6, 23) .
In green algae and higher plants containing Chl b as major ' accessory pigment, PSII absorbs more light at short wavelength region (X < 670 nm) than PSI (14, 26) . PSI alone absorbs in the far-red region of the spectrum (X > 715 nm) (15, 20) . Exposure of an intact leaf to short wavelength light leads to the adaptation of its photosynthetic apparatus to state 2 by redistributing the energy in favor of PSI to have balanced excitation of both photosystems. This is reversible in the presence of far-red light, leading to state 1, where short wavelength light largely excites PSII.
These state 1-state 2 transitions are explained by two different models: (a) a spillover mechanism, which implies an unidirectional transfer of excitation energy from PSII to PSI and requires the physical proximity of the two photosystems (13, 24) ; (b) another mechanism involves a change in the absorption cross-section of the photosystems brought by the physical relocation of LHC.2 The migration of this pigmentprotein complex is effected by the reversible protein phosphorylation controlled by the redox state ofthe plastoquinone pool and Cyt b6-fcomplex (2, 3, 10, 17) . This latter model is widely accepted to be operative in higher plants, despite the persistent claims on the occurrence of the spillover mechanism (13) .
The energy redistribution between PSI and PSII has been studied by monitoring changes in fluorescence characteristics of photosystems and photosynthetic 02 evolution (6, 12, 16, 22, 27) . Although fluorescence studies gave convincing evidence for the changes in the absorption cross-section of photosystems during state transitions, they are considered to be equivocal. Several (9, (20) (21) (22) (15, 20) . In the present study, we measured Sugar maple (Acer saccharum Marsh.) saplings (5-7 years old) collected from a maple stand (Berthierville, Quebec, Canada) were transplanted into pots filled with soil taken from the same location. They were kept outside under shade for about 1 month, before being transferred into a growth chamber (temperature, 21 C; RH, 60%; light intensity, 56 W m-2; photoperiod, 14 h). Plants were watered twice a week to a point slightly in excess of field capacity. Three month old seedlings from the growth chamber (light intensity was 10 W m-2) were used for NaF treatments.
PA measurements were conducted with a home-built PA spectrometer as described earlier (11 
NaF Treatment
Leaf disc was vacuum infiltrated in a 10 ml syringe containing 4 mL of 0.125 M NaF in 0.2 M phosphate buffer, pH 7.0. Leaf disc infiltrated with 0.125 M NaCl in 0.2 M phosphate buffer, pH 7.0, was taken as control to take into account any possible ionic effect. Infiltrated leaf disc was slightly blotted before taking measurements.
RESULTS AND DISCUSSION
Photon energy absorbed by an intact leaf is partly converted into chemical energy, and the rest is emitted as heat and light (mostly fluorescence). The fraction of absorbed energy emitted as heat is larger than that as fluorescence, considering the low quantum yield of the latter process.
In the present study, this heat emission is measured at 80 Hz to evaluate the energy storage of both photosystems. At (Fig. 1) .
Data presented in Figure 1 are from one sample. In this case, EST was decreased by 0.9% in state 2. In general, it was nearly equal in both state 1 and state 2 ( Table I) Thus, in the present study, the variations in the energy storage levels of PSI and PSII between state 1 and state 2 clearly support the concept of changes in absorption crosssection of photosystems during state transitions. The energy gained by PSI in state 2 must have come from PSII, possibly by the migration of LHC from PSII to PSI. At this moment, the concept of spillover mechanism of energy transfer can be safely eliminated for sugar maple leaves as explained below.
Considering the fact that light 1 is absorbed by PSI alone (15, 20) , addition of saturating intensity of light 1 releases the energy absorbed by PSI, which is reflected in ESps. If (2, 17) . NaF, an inhibitor of phosphatase, is reported to abolish the state 1 (1, 10, 28) . Similarly in the present study, NaF-treated leaves showed a lower ESi,Sl, to ESps, ratio than NaCl-treated leaves (control), in state 1, confirming earlier observations (Table II) . However, it is to be noted that EST was decreased by about 30% in NaFtreated leaves, which can be ascribed to the inhibition of phosphatases involved in the Calvin cycle. Thus, this effect may also be implicated in the abolition of state 1. If the inhibition of Calvin cycle has any effect on the abolition of state 1, it is logical to assume some effect on transition to state 2. But, in the present study, NaF-treated leaves showed a clear state 2 condition, confirming the measurements on Or evolution (10) . 
